Essay
Independent undergraduate research experiences have been shown to improve the retention of students in scientific research (National Research Council, 2003; Laursen et al., 2010 ; American Association for the Advancement of Sci ence, 2011; Eagan et al., 2013) . Participation in independent research experiences has been shown to increase interest in pursuing a PhD (Seymour et al., 2004; Russell et al., 2007) and seems to be particularly beneficial for students from histor ically underrepresented backgrounds (Villarejo et al., 2008; Jones et al., 2010; Espinosa, 2011; Hernandez et al., 2013) . However, the limited number of undergraduate research opportunities available and the structure of how students are selected for these independent research lab positions ex clude many students and can perpetuate inequities in the re search community. In this essay, we highlight barriers faced by students interested in pursuing an undergraduate inde pendent research experience and factors that impact how faculty members select students for these limited positions. We examine how bringing research experiences into the re quired course work for students could mitigate these issues and ultimately make research more inclusive.
BARRIERS FOR STUDENTS
In the following sections, we discuss a few of the barriers faced by undergraduates who are interested in pursuing these undergraduate independent research experiences, hur dles that may restrict research opportunities to select groups of people.
Awareness of Existing Research Opportunities
For students to participate in independent research ex periences, they must first be aware that such opportu nities exist. It has been shown that few students are aware of the research aspects of universities when they apply to college (Healey et al., 2010) or in their introductory years (SpronkenSmith et al., 2013) . It is likely that students at com munity colleges or primarily teaching institutions are often unaware of such opportunities, because these research expe riences may not exist at their own institutions. As more than The U.S. scientific research community does not reflect America's diversity. Hispanics, African Americans, and Na tive Americans made up 31% of the general population in 2010, but they represented only 18 and 7% of science, tech nology, engineering, and mathematics (STEM) bachelor's and doctoral degrees, respectively, and 6% of STEM faculty members (National Science Foundation [NSF], 2013). Equi ty in the scientific research community is important for a variety of reasons; a diverse community of researchers can minimize the negative influence of bias in scientific reason ing, because people from different backgrounds approach a problem from different perspectives and can raise awareness regarding biases (Intemann, 2009) . Additionally, by failing to be attentive to equity, we may exclude some of the best and brightest scientific minds and limit the pool of possible sci entists (Intemann, 2009) . Given this need for equity, how can our scientific research community become more inclusive?
Current approaches to improving diversity in scientific research focus on graduating more STEM majors, but grad uation with a STEM undergraduate degree alone is not sufficient for entry into graduate school. Undergraduate independent research experiences are becoming more or less a prerequisite for admission into graduate school and eventually a career in academia; a quick look at the rec ommendations for any of the top graduate programs in biology or science career-related websites state an expec tation for undergraduate research and a perceived hand icap if recommendation letters for graduate school do not include a discussion of the applicant's research experience (Webb, 2007; Harvard University, 2013) . 50% of students nationwide begin their studies at a commu nity college and a higher percentage of these students are from lower socioeconomic groups and/or members of his torically underrepresented groups (Teacher Advisory Coun cil, 2012), this impacts a significant population of students who could contribute to making the scientific community more diverse. Even students at institutions with extensive research infrastructures may not be aware of the research opportunities available to them if the opportunities are not advertised broadly or effectively.
Awareness of the Possible Benefits of Research Experiences
Students, particularly firstgeneration students, and their families may be unaware of the benefits of undergraduate research: the spectrum of different skills and knowledge they can gain, the networking possibilities, or the fact that an immersive research experience could be a defining fea ture of their undergraduate studies. This lack of cultural capital-knowledge, skills, and education that a person has that give him or her a higher status in society (Bour dieu, 1986)-can be an impediment to students becoming involved in undergraduate research. This can stem from the family: if a student's parents do not have the knowledge that undergraduate research is an important step toward a career in science, then students may not acquire that knowl edge. As a result, undergraduate research may not be priori tized and may even be viewed as a distraction in a student's undergraduate studies. Thus, background inequities related to firstgeneration status can be converted into differential academic achievement, perpetuating inequities in society (Bourdieu, 1986; AdamutiTrache and Andres, 2008) .
Awareness of Cultural Norms Associated with Scientific Research
Cultural norms of scientific research are also barriers, because the rules are often not made explicit to students (Carlone and Johnson, 2007) . The process of finding an inde pendent research experience is often left to the student with few instructions from faculty. For example, many of these independent research experiences are obtained through informal interactions with a faculty member (Seymour et al., 2004; Eagan et al., 2011a,b) , but this may not be widely known to students. Some of these implicit norms include knowledge about procedures (e.g., How do I find an op portunity in a research lab?), knowledge about financial or academic gains (e.g., Can I get paid to do research? Can I earn course credit for doing research?), knowledge about social interactions (e.g., What should an email to a facul ty member include? Is it okay to email a faculty member I have never met?), and knowledge about organizational structures of research labs (e.g., What is a postdoc?). The students who have access to this knowledge-which likely stems from cultural capital-will have an advantage (Bour dieu, 1986) .
Perceived Barriers to Interactions with Faculty
Even if students understand the cultural norms, they may perceive barriers in making contact with faculty. For most undergraduate independent research experiences, students need to take the initiative to contact faculty members or apply for programs. Students who do not personally know researchers in their own family or community may not con sider research an option for themselves. Studies have shown that some students, particularly students of color, may feel a disconnect between themselves and faculty, which may in turn prevent them from approaching professors, especial ly in their introductory years (Shehab et al., 2007; Hurtado et al., 2011) . STEM faculty members have been described by students as "cool," "intimidating," and "unapproachable" (Seymour and Hewitt, 1997; Vogt, 2008) , which may be why most undergraduate students do not interact frequently with faculty (Cotten and Wilson, 2006; Cox and Orehovec, 2007) . It has been shown that students from upperclass families or whose parents went to college are more likely than students from lower or middleclass families or firstgeneration stu dents to assist faculty with research for course credit and communicate with faculty by email or in person (Kim and Sax, 2009) , indicating that there are nonacademic differences that impact making contact with faculty.
Taking the initiative to contact faculty in order to partici pate in an independent research experience may be particu larly problematic for students who have less confidence in their own abilities, because these students may be intimi dated by faculty (Kuh et al., 2005; Cotten and Wilson, 2006) or unsure of how to initiate these discussions (Vianden, 2006) . Gender differences in confidence have been shown at the K-12 level even after controlling for actual academic abil ity (Meece et al., 2006; Micari et al., 2007; Sikora and Pokro pek, 2012) ; this may contribute to female students not feeling confident enough in their own abilities to apply for these in dependent research experiences.
Financial and Personal Barriers
Many research experiences begin as volunteer opportuni ties, which often lead to paid positions. However, students from lower socioeconomic classes often must work to fi nance their college studies and thus may be unable to volun teer for a research experience. In fact, student debt has been shown to decrease the likelihood that a student will pursue graduate training in STEM (Malcom and Dowd, 2012) , and financial inability to volunteer for an undergraduate re search experience may contribute to this problem. Even the NSF Research Experiences for Undergraduates program, which provides housing and a stipend, may be inaccessi ble for nontraditional students supporting a family or for students who cannot leave their homes/communities for an entire summer.
In sum, these hurdles disproportionately filter out firstgeneration students, women, and groups historically underrepresented in science, thus reducing the diversity of the pool of students who apply to these independent research experiences.
FACTORS THAT IMPACT FACULTY SELECTION OF STUDENTS FOR INDEPENDENT RESEARCH EXPERIENCES
In addition to these barriers that diminish student partici pation, conflicting demands faced by principal investigators of independent research labs may also exacerbate inequities.
The mission of universities is to integrate teaching and re search, thus contributing to expanding the knowledge base and producing a highly skilled next generation of citizens. However, the reward structure for principal investigators often does not mirror these larger institutional goals (Boyer, 1990; Wilson, 2010; Brownell and Tanner, 2012) . Arguably, given the current reward structure, the primary function of a research lab is to produce novel results, with a secondary function of training the next generation of scientists. Pressure to publish highimpact science while securing competitive funding can put principal investigators of research labs in an untenable situation wherein they must balance research and mentoring needs, and mentoring often suffers in favor of research.
Assessment of Mentorship and Preference for the "Best" Students
While mentoring is usually required of faculty, its effective ness is often measured by examining the total number of mentees and how successful the mentees were in their subse quent scientific careers. By examining only the final products instead of the gains from or value added by the experience, faculty members may be pressured to select students with preexisting backgrounds that will make them strong candi dates for subsequent success in research. Without knowing what metrics best predict research success, faculty members fall back on metrics such as grade point average (GPA), prior research experience, or interviewing skills to evaluate appli cants; the students who rise to the top of this pool tend to be high performers (e.g., have high GPAs), have prior research experience (e.g., did research in high school), and may already know about the culture of research (e.g., what questions to ask in the interview). Whether these metrics predict student success in undergraduate research or whether they merely sustain inequities in the system is yet to be determined.
However, this "rising star hypothesis" suggests that faculty members prefer students who are predicted to be stars-students who demonstrate motivation, achievement, and a proactive career orientation (Ragins and Cotton, 1993; Wanberg et al., 2003; Eagan et al., 2011b) . Those students who enter college with higher academic preparation tend to be selected by faculty to be mentored (Terenzini and Pascarella, 1978; Chapman and Pascarella, 1983) . The problem with this way of selecting students is that it eliminates from the pool students who may come from cultures that do not emphasize selfpromotion in education or who arrive at college with lower levels of academic preparation (Ragins, 1999; Eagan et al., 2011b) . Thus, the current system's structure is such that there is limited incentive for faculty members to take risks by selecting underperforming, shy, or modest students with potential, thereby excluding students who may be capable of making significant contributions to a research program.
Unconscious Societal Bias
Societal biases that trickle down into hiring decisions for in dependent research experiences further impact the diversity of students entering research. Research on racial discrimina tion in the job market has shown that résumés with names perceived to be white were 50% more likely to be hired than résumés with names perceived to be African American (Bertrand and Mullainathan, 2003) , and faculty members have a higher probability of responding to emails from a student with a name perceived to be white (Milkman et al., 2014) . It has also been shown that male and female science faculty members were more likely to hire male research as sistants, mentor them more, and pay them a higher salary (MossRacusin et al., 2012) . These likely unconscious biases lead to greater exacerbation of inequities during the selec tion process via a preference for white males.
This exclusion at the first entry point to research has criti cal consequences, as research experience is an essential part of the application to graduate school. In fact, most graduate programs and even some internship programs now require multiple years of research experience as a prerequisite. In equities at this initial phase set in motion an uphill battle for students that culminates in inequities in graduate school, postdoctoral training, and beyond.
A CURE FOR INEQUITY?
A solution to this bottleneck is to restructure the first entry point into research. Instead of being required to apply and be selected for independent research experiences, students could enroll in courses that provide them with an opportu nity to engage in authentic research and earn course credit. These coursebased undergraduate research experiences, or CUREs, have the potential to give all students, rather than only a select few, the opportunity to engage in research. Although CUREs by their very nature are diverse in struc ture and theme, they are defined as having the following five elements that are reflective of authentic research: 1) engag ing students in scientific practices; 2) emphasizing collab oration; 3) examining broadly relevant topics; 4) exploring questions with unknown answers to expose students to the process of scientific discovery; and 5) integrating iteration into the course, so students can see how science builds on it self (Auchincloss et al., 2014) . CUREs are often presented as a solution to the limited number of positions available in inde pendent research labs (Desai et al., 2008 ), but we argue that the most important function of a CURE could be to make the research community more inclusive. We argue that pro viding CUREs to students is an effective way to introduce students of varying backgrounds to research, thereby poten tially broadening the diversity of the scientific community.
CUREs Need to Be Required Introductory-Level Courses
If CUREs were made required introductory courses, they would help reduce the factors that contribute to inequities and give all students the opportunity to engage in authen tic research. Students enroll in CUREs like any other course; students do not need to be aware of unique opportunities, consider whether the course will be beneficial, or need any additional insight into the culture of science. Students earn course credit and do not have to volunteer for the experi ence. The course instructor is free of the conflicts faced by principal investigators; the instructor is responsible for teaching students rather than producing a publishable unit. By giving all students these opportunities, CUREs level the playing field for students interested in exploring indepen dent research. research experience. However, CUREs would provide a gateway for all students to experience the opportunity to en gage in research and thus give students a more equal footing when they applied to independent undergraduate research experiences. It could be possible that, at 4yr institutions that do not offer any independent undergraduate research expe riences, CUREs may be the only way for students to get into graduate school.
CONCLUSION
If undergraduate research experiences are the gateway to graduate school, which is in turn the gateway to becoming a member of the scientific community, then we need to attend to the inequities in undergraduate research if we are to di versify the professoriate. Introductorylevel CUREs that are a required part of the curriculum are an ideal model for this, giving all students a more equitable experience in authentic research and providing tools and knowledge about research that can be transferable to other internships. Not only do CUREs give a broader population of students the opportu nity to participate in research, but they specifically open the door for the students who may need it the most.
For primarily teaching institutions with limited indepen dent research opportunities, such as community colleges, CUREs can provide students with the opportunity to per form authentic research and better equip them to apply for independent research experiences at their transfer insti tutions. CUREs are currently being implemented in these environments; one of the authors (G.B.) developed and/or taught multiple CUREs at her community college and is cur rently training other instructors at 14 different community colleges to teach these courses at the introductory level.
Is it possible to offer this type of introductory researchin tensive course to students on a large scale? Recently, Stanford University redesigned its introductory biology lab courses to convert them to CUREs that are required for all biology majors, with class sizes scaling up to more than 250 stu dents, indicating that it is possible to do this as a required course on a large scale (Brownell et al., 2013) . Other similar high enrollment models exist, including a CURE at Boston College (CUREnet, 2012) .
While the majority of published accounts of CUREs are for smaller, upperlevel courses, the recent Howard Hughes Medical Institute university competition specifically called for efforts to broaden the participation of students in re search in their introductory years, so we expect to see a greater number of highenrollment introductory CUREs in the coming years. In fact, for CUREs to ameliorate the ineq uities present in a student's first experience with research, it is necessary to make these CUREs required introductory courses in which all students must participate. Upperlevel elective CUREs can present the same barriers facing students interested in independent research experiences.
CUREs as a Gateway to Undergraduate Independent Research Experiences
We hope that participation in a CURE would eliminate some of the barriers for students in engaging in undergraduate in dependent research experiences. Currently, CUREs tend to focus on providing students with opportunities to improve their confidence, selfefficacy, skills, and knowledge about scientific research. However, to be effective in diversifying scientific research, CUREs may also need to explicitly teach students the cultural norms that are important to be success ful in applying for and participating in scientific research, thereby enhancing students' cultural capital.
Additionally, student performance in a CURE may also be a more accurate estimate of how well the student will perform in a research environment than the standard crite ria, such as GPA or high school experience. Just as faculty members evaluate graduate student candidates primarily on their previous significant research experience, faculty mem bers could evaluate undergraduates on their experience in CUREs, allowing faculty members to more fairly compare student aptitude by using common criteria. Furthermore, welldesigned CUREs are likely to improve the quality of all undergraduate researchers, even students who originally would have been hired in independent research experiences, which aligns with faculty members' needs to have highly productive undergraduates in the research lab.
We do not anticipate that, in most cases, participation in CUREs alone would be sufficient for graduate school; stu dents would likely still need to engage in an independent
